Boiling regeneration of dehumidified solution under vacuum condition has a good research prospect due to its advantages of being free from environmental effect and low requirement on the temperature of the heat source. However, the physical parameters of the solution under vacuum condition are not sufficient at present. In this paper, the surface vapour pressure and boiling point of the LiCl solution under vacuum condition are studied, and the variation of the solution viscosity and surface tension with the concentration are given, which has a certain guiding significance to the study on the vacuum regeneration of the LiCl solution.
INTRODUCTION
With the improvement of people's living standards, the demand of indoor air quality is becoming higher and higher. The solution desiccant air conditioning utilizes the hygroscopic ability of the high concentration salt solution to absorb the water vapour in the moist air to achieve the purpose of dehumidification, because of the advantages of its independent control of temperature and humidity, sterilization and purification, so as to achieve better air quality, has a good application prospects and has attracted the attention of many experts and scholars [1] [2] [3] . The solution dehumidification technology has been used in many occasions, such as archives [4] , textile mills, pharmaceutical factories, hospitals [5] and other industrial and large public construction projects.
Although solution dehumidification air conditioning has many advantages, the heat source temperature is higher when the dilute solution is regenerated after dehumidification, which makes the energy efficiency of the air conditioning system lower. In order to improve the energy efficiency of dehumidification air conditioning system, many scholars have studied the regenerator and regeneration technology driven by solar energy and heat pump. Qian Junfei et al. [6] conducted an experimental research on the solution regeneration process driven by solar energy and obtained the influence of the important operating parameters of the system on the regeneration performance. Lazzarin et al. [7] proposed a solution regeneration method with preheating and heating processes driven by heat pump. Liu Lu et al. [8] studied the evaporation process of a single saltwater droplet in vacuum. The result showed that there was a significant temperature difference in the interior of the saline droplet, and the initial temperature of the solution had little effect on the evaporation process. Gao Wenzhong et al. [9] set up a test bed for the study of vacuum flash evaporation characteristics of liquid droplets in view of the regeneration mechanism of the solution in the vacuum state and the result showed that vacuum pressure was the key factor to affects the flash evaporation rate of liquid droplets.
The vacuum regeneration of the solution is to combine the vacuum environment with the regeneration process of the solution to achieve the regeneration of the dehumidified solution under certain negative pressure. The principle is that the boiling point of the solution decreases with the decrease of the pressure. Reducing the pressure in the limited volume makes the solution boiling, the water in the solution evaporates, and the dilute solution is concentrated to a concentrated solution.
The boiling of the solution in the regenerator is the pool boiling, the main influencing factors are the environmental pressure and the concentration of the solution. In addition, the surface tension and viscosity of the solution also have a great influence on the characteristics of boiling process. Therefore, taking LiCl solution with mass concentration of 28% -34% as an example, the physical properties of the solution are analyzed from four aspects: surface vapor pressure, boiling point, viscosity and surface tension.
EXPERIMENTAL DEVICES
The NDJ-5S digital viscometer was used to measure the viscosity coefficient of different concentrations of LiCl solution. The measuring range of NDJ-5S viscometer is 1~100000mPa·s and the accuracy is ±2.0%.
The Pocket Dyne surface tension meter was used to measure the surface tension of different concentrations of LiCl solution. The measuring range of the instrument is 15 ~ 100 mN/m and the accuracy is ±0.1 mN/ m.
THE CHANGE OF PHYSICAL PROPERTIES Vapor Pressure
The empirical formula [10] given by Conde is used to calculate the surface vapor pressure of LiCl solution. The formula is applicable to the amorphous range of temperature from 0℃ to 100 ℃ and mass fraction from 0% to 60%.
Where, Tcis the critical temperature of water, 647.3K; Pcis the critical pressure of water, 22090kPa; x is the mass fraction of solution, %; Psis the surface vapor pressure of solution, kPa. The other coefficients are shown in table 1. According to the empirical formula above, the relationship between the surface vapor pressure and the concentration of LiCl solution at different temperatures can be obtained and the temperature of the LiCl solution with known concentration can be obtained from the surface vapor pressure. The calculated results of the vapor pressure of the solution are shown in figure 1 . Figure 1 shows that for a certain concentration of LiCl solution, its surface vapor pressure increases exponentially with increasing temperature, and for a certain temperature of LiCl solution, the surface vapor pressure decreases with the increasing concentration. When the surface vapor pressure of the solution is equal to the ambient pressure, the liquid begins to boil, and the boiling temperature is the boiling point of the solution, at the same time, the corresponding ambient pressure is the vapor pressure of the solution. In order to achieve the boiling regeneration of the solution in a vacuum environment, it must be ensured that the ambient pressure is less than or at least equal to the corresponding surface vapor pressure of the solution at a certain temperature, or the temperature of the solution is higher than or at least equal to the corresponding boiling point of the ambient pressure. When the concentration of the solution is constant, the lower ambient pressure is, the lower boiling point of the solution is, and the requirement for the regenerative heat source is lower. When the environmental pressure is constant, the higher concentration of the solution is, the higher boiling point is, and the requirement for regenerative heat source is higher. In addition, figure 1 compares the surface vapor pressure of the LiCl solution with that of pure water. It is found that the surface vapor pressure of LiCl solution is much smaller than that of pure water at different temperatures, and the higher concentration of the solution is, the lower surface vapor pressure of the solution is, which reflects the effect of salt on the surface vapor pressure of the solution.
In the case of a LiCl solution with a mass fraction of 32%, boiling occurs only when the temperature of the heat source reaches more than 123 ℃ at one atmospheric pressure (as shown in Fig.1a) . However, under a pressure of 6 kPa, the heat source only needs to reach above 54℃ to achieve boiling (as shown in Fig.1b) .Therefore, it is of certain value to study the boiling characteristics of the solution under the negative pressure from the view of heat source.
Viscosity Coefficient
The viscosity of solution is one of the basic physical parameters, which is indispensable to the study of the processes of heat transfer, mass transfer and fluid flow [11] . It is greatly affected by temperature and concentration. The viscosity coefficients of LiCl solution with different concentrations at 40℃ are shown in table 2 and figure 2. 
Surface Tension
The change of surface tension of the solution will change the nucleation and separation of the bubble during boiling evaporation process, and the surface tension will decreases, the number of vaporization cores will increase, and the frequency of separation will increases. In addition, the change of the surface tension will also affect the heat transfer coefficient. In analyzing the effect of adding salt on boiling heat transfer, many scholars focus on the change of tension in terms of physical properties [12] [13] .
The surface tension of LiCl solution with different concentrations at 40℃ are shown in Table 3 and figure 3. From table 2 we can see that at the same temperature, the viscosity coefficient increases with concentration increasing, and the change is large. As the concentration of the solution increases, the number of molecules in the water increase, and the number of shear forces between each other increases, so the viscosity will increases. When the solution concentration varies from 28% to 34%, the concentration only increases 6 percentage points, while the viscosity coefficient from 3.618mPa·s to 6.324 mPa·s, which increases 2.706 mPa·s, indicates that the influence of concentration on the viscosity coefficient is large. It can be seen from Table 3 that the surface tension of the LiCl solution increases with the increase of the solution's concentration, because the LiCl solution is a strong electrolyte solution, and there are a large number of chloride ions and lithium ions which have a certain attraction to water molecules. The electrostatic force between ions and water molecules increases the resistance to water evaporation. Therefore, the greater the concentration is, the greater the amount of ions are, which leads to the attraction greater, and the greater the electrostatic force that water molecules need to overcome when they evaporate from the solution. From figure 3 we can see that the surface tension of 34% and 32% solutions are differ greatly from that of 30% and 28%. There may be some experimental errors. In the experiment, the surface tension is obtained by continuously measuring and calculating the bubbles produced by the capillary at the bottom of the surface tension meter. Therefore, the diameter of bubbles generate within the solution has a great effect on the surface tension, The diameter of the solution with concentration of 34% and 32% and the solution with concentration of 30% and 28% may have a certain gap in the diameter of the bubble, thus affecting the final surface tension.
CONCLUSIONS
In this paper, the surface vapor pressure curve of LiCl solution is obtained by an empirical formula, the viscosity coefficient and surface tension of the solution are measured by experiments, and the following conclusions are drawn: 1. Through the surface vapor pressure curve of LiCl solution, the surface vapor pressure and boiling point of the solution under different vacuum degrees can be obtained, which has guiding significance for the regeneration temperature and pressure of the solution.
2. The viscosity coefficient and surface tension of LiCl solution increases with the increase of concentration.
This article only studied the surface vapor pressure and boiling point of the solution in vacuum state, measured the viscosity coefficient and surface tension of the LiCl solution at 40℃ as the concentration changing, while the variation of viscosity coefficient and surface tension with temperature needs further study.
